ABSTRACT. Two pony mares were immunized against recombinant porcine inhibin α subunit three times with 39 day intervals. Clinical findings and endocrinological changes before immunization were taken as the control. The first significant rise in the anti-inhibin titre (P<0.05) in the circulation was found 27 days after the first injection. Maximum binding activity was reached by the 12th day after the second booster dose. The number of small, medium and large sized follicles had increased significantly compared to before immunization (11.75 ± 4.30, 2.75 ± 0.69 and 2.51 ± 0.63 vs 6.50 ± 1.43, 1.83 ± 0.44 and 1.33 ± 0.38, respectively), but the ovulation rate remained unchanged after immunization. The average plasma concentration of FSH and estradiol-17β during the estrous cycle increased significantly (P<0.05) after immunization. These results suggest that immunization against inhibin is a useful tool to increase the number of ovarian follicles during the estrous cycle of pony mares. Moreover, the present study supported the concept that inhibin plays a major role in the control of follicular growth through its inhibitory effect on FSH secretion synergistically with steroid hormones. KEY WORDS: follicular development, FSH, immunization, inhibin, mare.
The physiological mechanisms responsible for limiting one follicular development and ovulation from multiple follicles during the normal follicular phase in the mare is not yet fully understood. Attempts at inducing multiple ovulation or promoting fertility in the mare with various treatments such as equine chorionic gonadotropin (eCG), equine pituitary extract and PGF 2 α have met with limited success [2, 6, 10, 12, 17, 20] . Currently, crude pituitary extracts are the most reliable method for inducing multiple ovulations in the mare and this method usually results in one to four ovulations per cycle [5] , but pituitary extracts are not readily available and the regimens required are relatively intensive.
Inhibin is a large glycosylated protein consisting of two subunits linked by disulfide bridges, and specifically inhibits FSH secretion and suppresses the expression of GnRH receptors in the pituitary gland [1, 7, 15, 22] . On the other hand, the production of inhibin is stimulated by FSH thereby forming a tight feedback circuit [18, 19] . It is argued that ovarian inhibin may be the most important hormone for determining the species-specific number of ovulations in both single and multiple ovulatory species.
In cattle, active immunization against inhibin enhanced ovarian follicular development and the number of oocytes collected by transvaginal follicular aspiration [8, 9] . Furthermore, passive immunization of mares against inhibin during the follicular phase of the estrous cycle results in a marked increase in plasma concentrations of FSH induced by immunoneutralization of endogenous inhibin, and stimulates the rapid growth of a large number of follicles. As a result, multiple ovulations can be induced in mares [16] .
This study was undertaken to determine the effects of active immunization of pony mares with a synthetic peptide replica of the amino-terminal sequence of porcine inhibin α subunit on the ovarian function and endocrinology of the estrous cycle.
MATERIALS AND METHODS

Animals and treatment:
Two cyclic, non-pregnant, nonlactating and reproductively healthy pony mares were assigned to this study. The animals weighed 170 and 230 kg, and were 7 and 11 years old, respectively. Before immunization, the two mares were allowed to cycle normally for 3 continuous estrous cycles. Ovarian findings were monitored twice daily by rectal palpation and ultrasonography and these findings were taken as control cycles. The animals were then immunized against a synthetic peptide replica of the amino acid sequence from 1 to 26 (numbering from the N-terminal end) position of the α subunit of porcine inhibin conjugated with rabbit serum albumin (RSA) using Freund's complete adjuvant containing 0.5 mg/ml heat inactivated tuberculosis (#55828; ICN Biomedicals Inc., Aurora, Ohio, U.S.A.). The ratio of the weight of porcine inhibin: RSA after conjugation was approximately 1:2 times the amount of porcine inhibin in porcine inhibin-RSA. In the present study, 1.0 mg porcine inhibin in 2.0 ml saline emulsified in 2.0 ml Freund's complete adjuvant was injected, and for boosters immunization with 0.5 mg porcine inhibin were given two times with a 39 day interval.
All injections were given subcutaneously at different sites on both sides of the neck. After the first injection of inhibin for immunization, the animals had 3 estrous periods. The findings during these cycles were compared with the findings in the control cycles and statistically analysed for the number of small (<1.5 cm), medium (1.5-3.0 cm) and large (>3.0 cm) sized follicles and ovulations.
Blood samples: Blood samples were collected by jugular venipuncture during both control cycles and after immunization at 3 day intervals untill 99 days after the first injection of inhibin. Moreover, during the estrous phase and periovulatory period samples were collected daily. The samples were collected in heparinized sterile tubes, centrifuged (3,000 g for 15 min) within 30 min after collection and the plasma was stored at -30°C until hormonal assay and inhibin antibody titre assessment.
Assay procedures for inhibin binding activity: Changes in inhibin binding activity in the plasma of mares were determined by measuring the binding of 125 I-labeled inhibin (5,000 cpm) as reported [6] . Plasma samples obtained at various times after injection of the antiserum were diluted 1:10 or 1:100 with PBS containing 1% BSA. An aliquot (100 µl) of diluted plasma to which was added 100 µl PBS was incubated for 24 hr at 32°C with 125 I-labeled bovine 32 KDa inhibin. Bound tracer was then separated by adding 100 µl PBS containing 1% bovine gamma globulin and 500 µl PBS containing 25% polyethyleneglycol. After centrifugation at 1,700 g for 30 min, the radioactivity in the precipitate was counted. Inhibin-binding activity was expressed as a percentage of the total counts.
Assay procedures for hormones: Levels of immunoreactive (ir-) inhibin, follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol-17β (E 2 ) and progesterone (P) in peripheral blood were measured by RIA. Plasma concentrations of FSH and LH were measured by using a rabbit against equine FSH (AFP-2062096: provided by NIDDK, NIH, Betheda, MD, U.S.A.) and LH (AFP-240580). Highly purified equine FSH (#AFP-5022B) and LH (#AFP-5130A) were used for radioiodination and the reference standard. These materials were kindly provided by Dr. A. F. Parlow (National Hormone and Pituitary Program, Harbor-UCLA Medical Center, CA, U.S.A.). Concentrations of ir-inhibin in plasma were determined by using anti-bovine inhibin serum (TDNH-1) and bovine 32 KDa inhibin for radioiodination and the reference standard [6] . The concentrations of E 2 and P in plasma were determined as described previously [14, 23] with antisera to E 2 (GDN#244) and P (GDN#337). The intra-and inter-assay coefficients of variation were 6.3% and 7.4% for ir-inhibin, 6.5% and 9.2% for FSH, 5.6% and 8.7% for LH, 8.1% and 14.2% for E 2 and 5.4% and 7.2% for P, respectively.
Observation of ovary: Through the study, mares were examined rectally and ultrasonically in order to monitor the ovarian activity by using a digital liner real time B mode scanner with a 5 MHz probe. The number of small, medium and large sized follicles and ovulations were checked at the time of blood sampling, i.e. at 3 day intervals until 99 days after the first injection.
Statistic analysis: All values are shown as the mean ± standard error (SEM). Statistical evaluation of data was performed by means of Student's unpaired t-test.
RESULTS
Number of follicles and ovulation before and after immunization:
There was a significant increase (P<0.05) in the number of small, medium and large sized follicles after immunization against inhibin compared with the period before immunization, namely control vs 2nd and 3rd injection, 1st injection vs 2nd and 3rd injection, respectively. On the other hand, there was no change in the ovulation rate, even though the number of large follicles increased significantly after immunization (Table 1) .
Inhibin antibody titre before and after immunization against inhibin: As shown in Fig. 1 , the anti-inhibin titre increased steadily after the first immunization. There was a significant increase (P<0.05) between the average titre of the control and the average titre of the 1st dose, and there was a more significant increase (P<0.01) between the average titre of the 1st dose and the average titre of the 2nd and 3rd dose.
Plasma ir-inhibin concentrations before immunization: The plasma ir-inhibin level remained at its lowest values during the early diestrous period and started to increase during the late diestrous and proestrous periods coincident with the development of the dominant follicle(s) before immuni- Table 1 . Number of small, medium and large follicles and number of voulations during the estrous cycle in mares before and after immunization against inhibin zation. The peak level of ir-inhibin was noticeable on the day of ovulation (Fig. 2A) before immunization.
Plasma concentrations of FSH, LH, E 2 and P before and after immunization against inhibin:
Circulating FSH levels showed a bimodal pattern throughout the estrous cycle before immunization. The first one occurred during the early estrous period and peaked 9 days before the next ovulation. The second plateau occurred around ovulation and peaked on the day of ovulation (Fig. 2B) . After immunization, average plasma FSH concentrations had increased sign if ic an tly (P<0 .0 5 ) c om p ared with th os e be fore immunization (6.27 vs 2.18 ng/ml, respectively) (Fig. 3A) , but the FSH concentrations remained unchanged after immunization. Plasma concentrations of E 2 increased in the late follicular phase both before and after immunization (Fig. 2C ) and average concentrations had increased significantly (P<0.05) after immunization compared with the average concentrations before immunization (8.08 vs 5.18 pg/ ml, respectively) (Fig. 3B) . On the other hand, plasma LH and P showed changes in their average concentrations before and after immunization against inhibin (Figs. 2D and  2E ).
DISCUSSION
This study demonstrated first, that active immunization against inhibin results in a rise in the circulating inhibin antibody titre, average plasma FSH concentrations and subsequently follicular development. These results clearly indicate that inhibin plays an important role in the control of follicular development through the secretion of FSH in the mare. These concepts are in accordance with previous studies on other species such as Japanese monkeys [19] , cattle [9] and mares [16] . After immunization, there was a significant increase in the number of small, medium and large sized follicles, but the number of ovulations remained unchanged. These findings suggest that the rising titre against recombinant porcine inhibin is able to bind successfully with endogenous inhibin in the mare's plasma and interfere with its normal inhibitory effect on the secretion of pituitary FSH, since circulating FSH levels increased after immunization. Supporting the present results, many follicles developed and plasma levels of E 2 increased significantly after the passive im munoneu tralization of endogenous inhibin by anti-inhibin serum in mares [16] . It is a well-known fact that the physiological roles of inhibin are as 1) a main inhibitor of FSH secretion, 2) a chemical signal of the number of growing follicles in the ovary and thus 3) a key hormone in determining speciesspecific ovulation rates [4, 13, 21] . The significant increase in the number of follicles detected in the present study clearly demonstrates that active immunization will act on follicle development as a factor limiting the number of growing follicles through FSH secretion.
It is reported that in six normally cycling mares, which were immunized 5 times at 3-week intervals with a synthetic bovine inhibin α-subunit fragment, the number of ovulated follicles increased significantly compared with the control group [11] , whereas, in the present study, the ovulation did not differ significantly in the immunized and control groups. Although the reason for the discrepancy is not clear, immunization against inhibin more than 3 times at relatively short intervals might improve the ovulation rate in the immunized mares. In a previous study, active immunization of thoroughbred and standardbred mares against recombinant inhibin α-subunit twice with a 21 day interval increased the ovulation rate in mares [3] . Factors that influence the rate of multiple ovulations are breed, season, reproductive status and genetic predisposition, which might explain the higher incidence of multiple ovulations in Thoroughbred and warm-blooded mares, the intermediate incidence in standardbred mares and the lowest incidence in quarter horses and pony mares [4] . This is may be one of the reasons why mares in this study showed no increase in the ovulation rate after immunization despite the increase in the number of preovulatory follicles.
Whilst the limited number of laboratory animals and observed cycles in this study could not demonstrate the complete range of possible responses to the treatment, these data clearly demonstrated that immunization of pony mares against the porcine inhibin α-subunit resulted in the ability of inhibin antibodies to bind the endogenous inhibin molecule and was associated with a significant increase in circulating FSH and the number of follicles. Large follicles could be used for laboratory purposes such as collecting oocytes by transvaginal follicular aspiration in the mare as in cattle [9] . Moreover, the present study supports the previous concept that inhibin exerts an inhibitory effect on FSH and plays a possibly important role in the process of follicular maturation and ovulation.
